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® Apparatus and device for detecting microorganisms. 



© An Instrument and a sealable, sterillzable vessel 
„for detecting the presence of microorganisms in a 
2? specimen, the vessel containing a liquid culture me- 
dium and a sensor means with an indicator medium 
JJ£ therein. Changes In the Indicator medium resulting 
^from pH change or change in COa concentration in 
the medium are detected from outside the vessel. 
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Apparatus and devloe for detecting microorganisms 



The present Invention provide a a device and 
apparatus for continuously monitoring changes in 
pH or COz in a specimen using a growth medium 
and sealed container without entering into the con* 
tainer after the sample is prepared and the con- 5 
tainer sealed. As further advantages, the invention 
prevents constituents in the specimen from affect- 
ing colorimetric determinations and also provides a 
means for essentially continuously monitoring tho 
pH or the CO2 concentration In the specimen. 10 



Background of the Invention 

The presence of microbial contamination In 
cfinical specimens is conventionally determined by 
cuituring the specimens in the presence of nu- 
trients and detecting microbial activity through 
changes in the specimen or in the atmosphere over so 
the specimen after a period of time. For example, 
in U.S. Patent 4, 182*666 to Ahnelt et af the sample 
is placed In a container with a culture medium 
comprising a carbon 13 labelled fermentable sub- 
strate. After sealing the container and subjecting ss 
the specimen to conditions conducive to biological 
activity, the ratio of carbon 13 to carbon 12 in the 
gaseous atmosphere over the specimen is deter- 
mined and compared wfth the initial ration. In U.S. 
patent 4,152,213 a method Is claimed by which the ao 
presence of oxygen consuming bacteria in a speci- 
men is determined in a sealed container by detect- 
ing a reduction in the amount of oxygen in the 
atmosphere over the specimen through monitoring 
the pressure of the gas In the container. U.S. as 
Patent 4,073,691 provides a method for determin- 
ing the presence of biologically active agents, in- 
cluding bacteria, in a sealed container containing a 
culture medium by measuring changes in the char- 
acter of the gaseous atmosphere over the speci- <o 
men after a period of time, A method for non- 
invasive detection of CO* changes in the gaseous 
atmosphere is taught by Suppman et al, as dis- 
closed in EPO application 83108488.6, published 
April 4. 1984. The methods and appartus described 45 
In these and other publications all require either a 
radiometric method or the Invasion of the sealed 
container to measure changes in the gaseous at- 
mosphere after cuituring or require special materi- 
als that permit infra-red light to pass. 30 

Other known methods for measuring microbial 
contamination of specimens, particularly blood cul- 
tures, include measuring mfnute changes In tem- 
perature, pH, turbidity, color, biolumlnescence. and 
impedance. Generally, these methods determine 



microbial contamination by detecting bacterial 
metabolic byproducts. Microbial contamination may 
also be assessed by subculturfng and/or staining. 
Of these methods, onfy Impedance, radlometry and 
Infra-red spectrometry provide the possibility of 
automated processing of clinical specimens. And 
except for impedance and infra-red measurements, 
these procedures also require entering the con- 
tainer In order to make a measurement on the 
liquid specimen or the gaseous atmosphere over 
the specimen. In addition to the likelihood of con- 
tamination and creating the likeiihood of altering 
the constituency of the atmosphere over the speci- 
men each time a determination is made, these 
methods dp not permit taking measurements con- 
tinuously or repeatedly over short time intervals for 
an extended period of time. This is a significant 
disadvantage as the rate of growth of contaminat- 
ing organisms differs depending on the organism 
and the number of organisms in the original sam- 
ple, such that it cannot be predicted when detect- 
able changes in the atmosphere or fluid sample will 
be presented by a contaminated specimen. In a 
related problem, when contamination is determined 
by pH changes in the liquid sampfe, various meta- 
bolic products will affect the pH of the sample 
differently. For example, the production of ammo- 
nia will raise the pH while the production of 002 
will lower It. Different growth rates of different con- 
taminating organisms could result in a pH increase 
at one time and a decrease at another time, which 
would not be detected if the pH is measured at 
widely spaced intervals, Another source of error 
when detecting changes by pH measurement in 
whole blood samples, particularly when an indicator 
dye is the means for pH determination, is the 
likelihood that the dye appearance can be affected 
or obscured by the presence of blood celts. CoN 
orlmetric Indicators can only be effectively used if 
errors induced by the nature of the specimen can 
be prevented from influencing the appearance of 
the dye. 



Summary of the invention 



The present invention relates to an appartus 
and a device for detecting the presence of microor- 
ganisms in clinical specimens, such as blood or 
other body fluids, by cuituring the specimens with 
a sterile growth medium in a transparent, sealed, 
sterile container. The presence of microorganisms 
is determined by detecting or measuring changes 
In the pH of the specimen or the production of 0O2 
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within the specimen using a disposable sensor 
affixed to the interior surface of the container. Ace- 
cording to this invention, mircoorganisms can be 
detected In the presence of interfering materials, 
such as large concentrations of red blood ceils, 
through non-radiometric and non-invasive means. 



Brief description of the drawings 



The figures consist of the following; 



Figure t -- Blood culture instrument 

This drawing shows the overall appearance of 
the functional part of the instrument, the detector 
assembly, with (1) the vessel, (2) sensor, (3) cul- 
ture medium, the (4) light source, (5) photodetec- 
tor. and the associated electronics including (6) 
current source, (7) current to voltage converter and 
(8) low pass filter. 

£ach detector assembly preferably consists of 
a photodiode In a countersunk hole and one or 
more LED's arrayed such that light falls on the 
surface to be viewed, but not directly onto the 
detector itself. The electronic circuits in this em» 
bodtment include amplifiers and filters to condition 
the signals from the detectors, multiplexers to se- 
lect among the signals available, and constant cur- 
rent sources for the Illuminators. 

The entire device was placed on an agitator 
inside a 37 * C incubator, which provided a suitable 
environment for microbial growth and excluded 
room light from the photodetectors* 



Figure 2 pH Sensitivity 

Besides testing the instrument subjectively with 
various colored bottles. It was tested with the pH 
sensitive membrane bottles. This figure shows the 
average voltage output of seven different detectors 
after equilibration of the sensor with various buffers 
over a pH range of 5.8 to 8.2. Detailed studies 
showed the system could reliably distinguish 
changes of 0.1 pH unit over a range of pH 6.0 to 
7.5. 



Figure 3 - pH and C0 2 change with microbial 
growth " 

The instrument was used to detect microbial 
growth by both pH change and by CO z production. 
This figure shows the change in pH and In CO* 
resulting from growth of the bacterium, E. coli. 



Figure 4 « Detection of a variety of microorgan- 
isms 

Essentially ail organisms will release C0 2 in 

6 the course of their metabolism, Thus, this system 
can be used to detect the growth of a very wide 
range of microorganisms. This figure shows the 
detection of CO2 produced during the growth of E. 
coli, a Gram negative bactertum; S. pyogenes, a 

10 Gram positive bacterium; P, aeruginosa , a Gram 
negative non-fermenting bacterium: B. fragtHs , an 
anaerobic bacterium; and C. albicans , a yeast The 
units indicate relative CO^ concentration in the 
medium based on COa concentration at the begln- 

;s ning of the assay. Secauge the sample containers 
end media are at room temperature (approximately 
20 *C) t and the container and sample are In- 
cubated at 37 " C during the assay, COa is re- 
leased into the space above the liquid sample and 

20 medium during the first 2 to 4 hours because of the 
reduced solubility of COs in the liquid as tempera- 
ture increases. Unless the containers and media 
are maintained at 37 " C before introduction of the 
sample and placement into the instrument, reliable 

55 indication of the presence of microorganisms can- 
not be measured until after the minimum COa 
concentration is passed, typically within the first 2 
to 4 hours. 

00 

Description of preferred embodiments 



The apparatus and device of the invention pro- 
as vide a none invasive means for detecting the pres- 
ence of microorganisms in clinical specimens, such 
as blood samples or other body fluids, by measur- 
ing an increase in metabolic products produced by 
microorganisms. The specimen Is added to a spe- 
40 daily formulated medium that enhances the pro- 
duction of certain microbial metabolic products, 
which are detected by a unique disposable sensor 
located at the bottom of a culture bottle. The sen- 
sor comprises a solid composition or membrane, 
43 which we refer to as an attachment or support 
medium, with an indicator medium Immobilized on 
or within it. Th* sensor is placed flush against the 
inside surface of a container, such that the indica- 
tor medium Is visible from outside, and sealed to 
so prevent cells, proteins, other solids or other opaque 
or colored components from getting between it and 
the container surface. In certain embodiments the 
sensor Is separated from the specimen and its 
growth medium by a membrane or solid layer that 
69 permits the passage of gas molecules but prevents 
passage of Ions. Microorganisms in specimens of 
body fluids, such as blood, containing as few as 1 
organism per milliliter can be detected using this 



•OOCtO; <EP, 0333263A2J _> 



04-1 1-1 1 1 0:20 FROM ATUSHI SUDA PATENT TO 7tWM4f- 



P06/15 



5 EP 0 



invention.. Such specimens may require up to 7 
days incubation before the population of organisms 
reaches a critical level, where an increase in meta- 
bolic products can be measured* We found a con- 
centration of 10 s CFU/ml for certain types of or- 
ganisms provided measurable changes In pH or 
CO2, All organisms showed measurable results at 
concentrations of 10 7 to 10 s CFU/ml. 

The invention is unique and advantageous In 
several respects: 

1 ) the microbial metabolic products are mea- 
sured in the liquid phase of the culture bottle rather 
than in the atmosphere over the specimen; 

2) because the unique disposable sensor is 
affixed to the Interior surface of the bottle, mea- 
surements can be made from outside the transpar- 
ent wall of the bottle without having to violate the 
integrity of the bottle; 

3) the external measurements can be made 
by visual Inspection or with an Instrument that 
measures by reflectance; 

4) opaque or colored components In the 
specimen do not interfere with the ability of the 
sensor to detect changes or the measurement of 
those changes, and 

5) a high concentration of indicator mole- 
cules is maintained within a small volume, i.e., on 
the membrane, such that a color change can be 
easiiy observed. 

The nutritional components that make up a 
complex microbial medium Influence the metabolic 
pathways used by microorganisms. Organic acids, 
bases and various gases are produced in propor- 
tions dependent on the nutrients available. These 
products also vary from species to species of mi- 
croorganism. The presence of these products in 
the liquid medium can change its pH. The sensors 
used in the invention contain pH sensitive indica- 
tors that give a measurable change In response to 
a pH change in the environment In the embodi- 
ment in which the pH sensor is covered by a 
gaspermeabfe, ion-Impermeable membrane, the 
presence of gases that affect the pH of the indica- 
tor, such as COa or ammonia, are measured. Thus, 
microbial growth can be detected either by 
changes in pH of the liquid culture medium or by 
measurement of gases dissolved En the medium 
produced by microorganisms, Carbon dioxide is a 
universal metabolite produced by all organisms 
and. therefore* Is the preferred metabolite for de- 
tection of microbial Qrowth. 

COa and pH sensors share two common com- 
ponents, a molecular species useful as a pH in- 
dicator and an attachment/support medium, The pH 
indicator can be attached either covaiently or non- 
covalently to the support medium. Alternately, the 
indicator can be encapsulated within a polymer 
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matrix that is gas permeable, such as a pH indica- 
tor emulsified within a polymer matrix prior to cur- 
ing* The C0 2 sensor has a third component, a 
semipermeable substance that completely sepa- 

6 rates the indicator membrane from the specimen 
and growth medium. These sensors are affixed 
inside a suitable transparent vessel with an appro- 
priate adhesive. 

A variety of different fluorescent and visible pH 

10 indicators can be used as the active molecular 
species In pH or C0 2 sensors. Generally, the only 
limitations on the selection of Indicators are the 
requirements that they have acceptable dynamic 
pH ranges and wavelength changes that are readily 

15 detectable by existing front surface fluorescence or 
reflectance technologies. 

Sensors for detecting pH changes in the cul- 
ture medium according to the invention should 
exhibit a change in fluorescence intensity or visible 

?o color over a pH range of about 5.0 to about 8.0. 

Indicators for the 0O 2 sansor should exhibit a 
change in fluorescence intensity or visible color 
between about pH 10 and about 6 In order to 
detect changes In 002 concentration. 

25 Only certain pH indicator molecules can be 

bound covaiently or non-covaiently to a support 
medium and retain their pH Indicating properties. 
We found indicators belonging to the xanthane, 
phenoiphthalein and phenolsulfonphthaleln groups 

30 to be useful. Examples of these include fluorescein, 
coumarin. phenoiphthalein, thymolphthaiein, 
bromothymol blue, xylonol blue and a-naphthol be- 
nzoln, 

The attachment/support medium can be a sub- 

as stance such as cellulose, to which a pH Indicator 
can be covaiently attached using organic reactions. 
Non«covalent attachment of pH indicators can be 
achieved using Ionic support materials, such as 
nylon membranes that have a positive or negative 

40 zeta potential, Other ionic support materials that 
can be used are positive or negatively charged 
ionic restns, such as dfethylamlno ethyl (DEAE) 
resin or D6AE cellulose. Pretreatment of the sup- 
port material with a protein may be required if the 

45 indicator membrane is to be in direct contact with 
the microbial growth medium. 

The pH indicator sensors directly detect pH 
changes due to the pH environment of the micro- 
bial growth medium. However, these sensors can 

so be made to selectively react to gases (e.g., carbon 
dioxide* ammmonia) in the liquid growth medium 
by covering them with a selectively semi-perme- 
able composition or membrane, such as silicone, 
latex, teflon, or various plastics characterized by 

55 the capacity to selectively permit the diffusion of a 
gas while preventing the passage of ions* For sen- 
sors comprising Indicator encapsulated within a 
polymer matrix, the polymer forming the matrix can 
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act as the semi-permeable barrier that permits the 
passage of gases but not ions, 

in the encapsulated indicator embodiment, the 
CO2 sensor ts comprised of four components. The 
first component is a visual or fluorescent pH indica- 
tor, which is reactive at the pH range between 6 
and 10. Examples of indicators meeting these cri- 
teria are bromothymol blue, xylenot blue, phenolph- 
thalein, coumarln, and fluorescein. The second 
component [8 sodium hydroxide or an equivalent 
base, which maintains an optimal pH environment 
for detection of C0 2 by the selected pH indicator. 
The third component is glycerol or an equivalent 
emuJsifier, which can produce micelles of indicator 
solution emulsified within the uncured polymer. The 
fourth component is the uncured polymer such as 
room temperature vulcanization (RTV) white sili- 
cone, which maintains a proper environment for the 
Indicator. Any polymer can be used that does not 
affect the chemical activity of the Indicator, either 
from its own chemical or physical properties or ita 
requirements for curing, as long as it is permeable 
to gases but no tons, and does not have these 
properties altered when subjected to sterilisation by 
autociavlng. Other silicone polymers that are also 
satisfactory are those that are cured by high tem- 
perature, by catalytic activity, or by ultraviolet vul- 
canization. An emulsion la prepared from the four 
components and the polymer is cured to form a 
semipermeable matrix around the micelles of pH 
indicator, which permits selective diffusion of C0 2 
and other gases from the liquid microbial growth 
medium , resulting in a measurable change In the 
indicator. The sensor can be prepared separately, 
such as in a mold, cured, and then attached to the 
culture bottle with an appropriate adhesive, such as 
a silicone adhesive. Alternatively, and preferably, 
the sensor Is formed on the bottom of the bottle 
and cured In situ. After curing the bottle with the 
sensor is sterilized, such as by autoclaving. 

The specific examples of pH and COa sensors 
that follow are provided to Illustrate the invention, 
but not limit its scope as claimed. 



Example V. Production of a Fluorescent pH Sensor 

Cellulose dialysis tubing (Spectrapor M.W. 
cutoff 12,000-14.000, O.0O1 inch dry thickness) was 
cut Into 5/16 Inch circles with an arch punch. The 
cellulose circles (1.2 grams of them) were soaked 
in distilled water for 30 minutes, drained, and then 
soaked In dry isopropanol (12 mis) for 10 minutes. 
The membranes were drained and placed Into a 
100 ml round bottom flask with a stir-bar. Dry 
isopropanol (50 mis) and triethylamine (S mis) were 
added to the flask, and then 75 mg F1TC 
(fluorescein Isothlocyanate) were dissolved in the 



mixture. This mixture wa3 refluxed with gentle stir- 
ring for live hours* 

The cellulose membranes were cooled, 
drained, and then washed with 10 changes of 100 

s mis of distilled water. The saturated cellulose mem« 
branes were attached to the bottom of an appro- 
priate glass bottle with a silicone adhesive (GE 
2501 Silicone Sealant, dear). After curing, growth 
medium was added and the closed bottle was 

to sterilized by autoclaving for 15 minutes at 121 *C 
and 15 psl. 

Example 2. Preparation of Non-fluorescent Indicator 
is pH Sensors 

Nylon membranes modified to have positive 
zeta potentials (Zeta Probe, BloRad) were placed In 
a 3% solution of Tryptic Soy Broth and soaked for 

so one hour at room temperature with gentle shaking 
on a rotating shaker, Excess Tryptic Soy Broth was 
exhaustively washed from the nylon membranes 
with deionized water. The washed membranes 
were placed in a 0.0001 to 0.1% solution of pH 

25 indicator (bromothymol blue) dissolved in 0.1 N 
NaOH. The membranes were allowed to react for 
one hour at room temperature with gentie shaking. 
Excess Indicator solution was removed from the 
membranes by exhaustively washing with deioniz- 

30 ed water untli no Indicator appeared to be washed 
from the membranes, The pH Indicator membranes 
were allowed to air dry for 24 hours and 11/16 inch 
circles were punched from the membranes. 

The pH Indicator membranes were attached to 

36 the bottom of glass vessels with a silicone adhe- 
sive (GE 2501 Silicone Sealant clear). These bot- 
tles were filled with microbial growth medium and 
sterilized by autoclaving. 

40 

Example 3, Preparation of Non-fluorescent Indicator 
C O a Sensors 

Nylon membranes modified to have positive 
45 zeta potentials (Zeta Probe, BioRad) were placed in 
an indicator solution comprised of 0.001 to 0*1% 
xylenol blue and 0.0001 to 0A% bromothymol blue 
dissolved in 0.1 N NaOH. The membranes were 
allowed to react for one hour at room temperature 
50 with gentle shaking. After reacting with the indicator 
solution, the membranes were exhaustively washed 
with deionised water to remove excess indicator. 
The Indicator membranes were air dried for 24 
hours and 11/16 Inch circles were punched from 
65 the membranes. The indicator membranes were 
then attached to the bottom Inside surface of clear 
glass bottles with silicone adhesive (GE 2501 Sili- 
cone Sealant II, clear) and a second layer of the 



IDOCIO: <£P 03332MA2_I_» 



04-1 1- 1 1 1 0:20 FROM ATUSHI SUDA PATENT TO itWMW - 



P08/1 



9 EP 0 



silicone adhesive was placed on top of the Indica- 
tor membrane io completely seal the nylon indica- 
tor membrane. 

These bottles were filled with microbial growth 
medium and sterilized by autoclaving. 



Culture Medium Formulations 

The medium for microbial detection by a 
change in pH comprises 3% Tryptic Soy Broth 
(DfFCO), 0.5% Proteose Peptone (DlFCO) #3, 
1.25% D*glucose, and 1% L-arginfne. Other com- 
ponents are reducing agents (0.01% L-cystelne) 
and an anticoagulant (0.0S% SPS sodium poly- 
sulphonate). This medium has a low buffering ca* 
pacity so that any metabolic products that affect 
pH will easily change the pH of the medium. Glu- 
cose is a fermentable carbohydrate that when me- 
tabolized by microorganisms results in the produc- 
tion of organic acids that cause a decrease In pH, 
Arginine is added as a substrate for those non- 
fermenting microorganisms (i.e. Pseudomonas 
aeruginosa ) that do not normally metabolize glu- 
cose. The addition of arginine results In release of 
basic metabolites that cause an Increase In pH of 
the medium. If CO z production by Pseudomonas 
aeruginosa Is to be measured, arginine is not In- 
cluded. Other carbohydrates or amino acids can be 
incorporated Into the medium to Induce pH change 
when metabolized by other species of microorgan* 
isms* 



Apparatus for Automatic Detection of Microbial 
Contamination 

Both pH change and COz production due to 
microbial growth may be detected and measured 
using the instrument described below. 

The sensors monitored by this Instrument con- 
tain indicators that change color when growing or 
metabolizing microbes are present. Although the 
color changes may be apparent to the naked eye, 
use of the instrument provides the advantages of 
objectivity, sensitivity, and continuity of measure- 
ment. In the preferred embodiment the instument Is 
essentially a visible light reflectometer that moni- 
tors the color change of the sensor, In order to 
allow continuous monitoring of all samples, It is 
preferred to have a detector for each sample. Other 
alternatives will be obvious to those skilled In the 
art, such as using conventional means to move 
specimen containers past one or more stationary 
detectors or moving one or more detectors past 
stationary specimens. 

In the preferred embodiment solid state il- 
luminators and detectors are used. Incandescent 
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and arc lamp sources of Illumination may also be 
used in conjunction with mirrors, lenses, optical 
fibers, and other means of directing the light to the 
sensor. 

s The various microorganisms listed In Table 1 

have been detected using the invention. These 
results indicate that these, any other organisms of 
the same type, and any organisms that produce 
detectable gases or other products that affect the 

w pH of the liquid medium can be detected using the 
invention. 



Example 4, Preparation of Encapsulated Indicato r 
re Sensors ~* 

Stock solutions were prepared of g.1 . ],o% 
phenolphthaleln, xylenol blue, or bromothymo! blue 
in 0.0005 -0.5 N NaOH containing 25 - 73% glyc- 
ao erol. 0,1 - 0.6 ml of the stock indtcator-NaOH- 
glycerol were added to 1.0 gram of uncured RTV 
white silicone (GE Silicone It, white) and mixed 
until a fine emulsion was made. The silicone-in- 
dicator emulsion was placed Into a syringe dis- 
ss penser and dispensed 0.1 - 0.2 ml into the bottom 
of a syringe dispenser and the emulsion distributed 
evenly on the bottom of the glass vessel. The 
Indicator-sllicone emulsion sensor was allowed to 
cur© for a minimum of 24 hours at ambient tem- 
30 perature in an atmosphere of less than 50% rela- 
tive humidity, After curing, the vessels with C02 
sensors were filled with microbial growth medium 
and sterilized by autoclaving. 

38 

Table 1 



40 Enterobacterlaceae 
Escherichia coli 
Staphylococcus spp, 

45 

Coagulaee-negatlve staphylococcus 
S. aureus 

Streptococcus spp. 

so 

S. pneumoniae 
Group A 
Group B 
Enterococci 

66 

Yeast 

Candida albicans 



3 
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Cryptococcus neoformans 
Torulopsis flla&rata 

Nonfermentors 

Pseudomonas aeruginosa 
Aclnetobacter calcoacBticus 

Anaerobes 

Bacteroldes fragilis 
Clostridium perfrlngens 
FusobacteTlum necrophorum 
Peptostreptococcus anaerobius 

Other Microorganisms 

Haemophilus influenzae 
Neisseria meningitidis 

Claims 

1, A device for detecting microorganisms In a 
specimen comprising a aealable, sterllizable, speci- 
men container, having an internal chamber in which 
a specimen may be cultured with a sterile culture 
medium to detect microbial contamination in the 
specimen and having at least on© transparent sec- 
tion in the wall of said container, and a sensor 
means affixed to the internal surface of the wall of 
said container In the region of the transparent sec* 
tion. whereby changes in the appearance of the 
sensor means can be detected from the exterior of 
said container through said transparent section, 
said sensor means comprising an immobilized in- 
dicator medium, the indicator medium being se- 
lected for its ability to exhibit a detectable change 
whan exposed to products of an organism's meta- 
bolic activity, said indicator medium being immo- 
bilised by the method of bonding the indicator to a 
support medium or encapsuling the indicator within 
a polymer matrix. 

2* The device of claim l f wherein the indicator 
medium is a molecular species responsive to pH. 

3. The device of claim l, wherein the sensor 
means comprises a charged membrane. 

4. The device of claim i» wherein the mem- 
brane of the sensor means Is bonded to the interior 
surface of said container, 

5. The device of claim 4, wherein the mem- 
brane of the sensor means is at least circumferen* 
tialiy bonded to the interior surface of the con- 
tainer, whereby neither the specimen nor the cul- 
ture medium can pass between the membrane and 
the container surface. 
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0. The device of claim 1, wherein the sensor 
means is separated from the specimen in said 
container by a semipermeable membrane. 

7. The device of claim 6, wherein the semiper- 
5 meable membrane comprises a membrane formed 

in situ. 

8. The device of claim 1, wherein the sensor 
means comprises micelles of indicator medium im- 
mobilized within a polymer matrix, 

10 9. The device of claim 8, wherein the micelles 

of indicator medium within the polymer matrix have 
. been formed by the method of emulsifying an 
indicator solution within an uncured polymer and 
curing the polymer. 

is 10. A method for detecting microorganisms in 

a specimen, comprising the steps of 
introducing the specimen under sterile conditions 
into a sterile specimen container, the specfmen 
container hsving at least one transparent section in 

20 the wall thereof and a sensor means containing an 
indicator medium that exhibits a detectable change 
when exposed to gaseous products' of an organ- 
Ism's metabolic activity affixed to th© internal sur- 
face of the wail of the container in the region of the 

25 transparent section, incubating the specimen in the 
specimen container with a microbial growth me- 
dium with the specimen container oriented in such 
a position that the sensor means Is submerged 
completely beneath the specimen and growth me- 

30 diurn, and 

monitoring from outside the container through the 
transparent section thereof the production of gas- 
eous products of an organism's metabolic activity 
without violating the integrity of the container by 

35 detecting changes exhibited in the indicator me- 
dium In the sensor means resulting from the gas- 
eous products passing from the spsclmen and 
growth medium to the sensor means. 
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